AbsTrACT the use of nanoscale zero-valent iron particles (nZVis) in the environmental remediation of water and soil is increasing. this increase is related to the higher reactivity and mobility of nZVis compared with that of macro-or micro-sized iron particles. the introduction of nZVis into the environment raises concerns related to their fate and
Introduction
in recent decades the use of nanomaterials has become increasingly significant in industrial processes, consumer and medical products 1 , and, more recently, in environmental remediation 2 . This has led to the introduction of significant amounts of distinct types of nanomaterials into all the environmental categories: soils, aquatic systems and air. in soils, nanoparticles can be introduced either directly, through fertilizers and products used for plant protection or liquid suspensions used in contaminated sites, or indirectly, through the land application of sludge or biosolids. the presence of nanoparticles in aquatic systems is mainly due to the disposal of wastewater treatment plant effluents, industrial discharges, and surface runoff from soils 1 . Volcanic eruptions, combustion processes and industrial emissions are some of the sources of nanoparticle release in the air 3 .
After the introduction of nanoparticles into the environment, the particles undergo several changes involving biological, physical and chemical processes, which make it difficult to quantify their prevalence and evaluate their degree of ecotoxicity. in particular, these changes include chemical in-
teractions (e.g. redox reactions) and agglomeration effects 4 .
the type and extent of these processes depend on the properties of both the nanoparticles and the receiving medium 1 . For example, in aqueous systems, hardness, biochemical oxygen demand, pH, alkalinity and organic matter content are some of the parameters that influence the behavior of the nanoparticles. Another difficulty relates to the quantification of trace amounts of nanoparticles in the environment. Knowledge of this subject remains scarce mostly because there are neither any specific standardized methods or protocols nor any certified reference materials for the testing of nanomaterials 4, 5 .
Nevertheless, the scientific community is trying to adopt the best methodologies for conducting such studies.
All these facts contribute to the growing concerns about the fate and the effects of these materials in the environment.
This encourages and puts pressure on the scientific community to answer these issues and to evaluate the real impact of nanomaterial usage. Peralta-Videa et al. Nanoscale zero-valent iron particles (nZVis) constitute one of the most common materials used in nano-remediation because of their high superficial area and reactivity with distinct contaminants such as metals 6 , halogenated hydrocarbons 7 , polychlorinated biphenyls (PCBs) 8 and pharmaceutical products 9 . The high efficiencies obtained in recent tests-in the laboratory and in pilot studies-indicate that the use of nZVis is extremely promising in terms of environmental reme- Certain studies in environmental matrices showed opposite results. Fajardo et al. 12 observed that nZVis had a reduced impact on microbial cellular viability and on biological activity in soils of Klebsiella planticola and Bacillus nealsonii and concluded that the ecotoxicity of nZVis could be highly dose-and species dependent. Kirschling et al. 10 observed that nZVis had no effect on the bacterial abundance in the soil and that the bacterial populations increased when the nZVis were coated with a biodegradable polyaspartate. this could indicate that the use of coated nZVis may reduce their toxicity. on the other hand, Barnes et al. 15 observed a negative impact of nZVis on the capacity of an indigenous dechlorinating bacterial community to degrade trichloroethylene (tCE). this impact was dose dependent: the biological degradation rate started to decrease at nZVI concentrations above 0.01 g•L -1 and ceased at
these studies indicate that there is a possible impact of nZVis on bacterial communities and that this impact is dose dependent. therefore, nZVis can be applied to soils, but their dosage should not exceed the level that is detrimental to bacteria. on the other hand, the use of coated nZVis can enhance environmental remediation. However, it is not certain that these coatings can allow for the use of higher nZVi dosages without causing a negative effect on bacteria. This is a field of research that should be explored further in order to widen the applicability of nZVis.
Aquatic invertebrates
Aquatic invertebrates are commonly affected by most of the contaminants released into the environment. this is one of the reasons that these organisms are important and appropriate for ecotoxicity tests 16 . For future investigation of the behavior and bioavailability of nanoparticles in aquatic environ- (Nanofer 25S and Nanofer StAr).
These few studies indicate that nZVIs significantly affect the
Daphnia magna communities and can even lead to their death.
Considering that the use of nZVis for environmental remediation is mainly focused on contaminated waters, these results are very important and reinforce the need for more detailed and structured studies. these studies consider the impact of nZVis on
Daphnia magna in the absence of contaminants. However, the nZVis are applied to contaminated environments, and therefore future research should evaluate the impact of contaminants on Daphnia magna as well as the additional impact of nZVis.
Terrestrial organisms
Earthworms are common soil organisms that play an important and distinct role in the soil ecosystem and, for this reason, they are used as test organisms in soil ecotoxicity studies 21 and to assess the bioavailability of contaminants in soils 
Germination tests
germination tests are short-term ecotoxicity assays that involve plant processes in the assessment of acute toxicity effects. in these tests, seeds are planted in a small portion of a representative contaminated soil and, after a defined incubation period, the number of successful seed germinations is counted. the results are compared with those obtained in a non-contaminated soil of similar composition and properties.
this "germination index" is commonly used as an indicator of phytotoxicity in soils 27 .
Lactuca sativa, the common lettuce, is probably the plant that is more often used for this type of test on account of its high sensitivity to distinct contaminants. other plants are also showed a higher toxic effect with silver nanoparticles than with silver ions; however, when the nanoparticles were supplemented with bovine serum albumin, there was a reduction in adverse effects.
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is clearly insufficient and, in some cases, opposite results are reported. Nevertheless, the majority of the studies point toward the toxic effects of nZVis on all the tested organisms.
Based on research it is also possible to conclude that the ecotoxicity of nZVis is concentration dependent and that when coated nZVis are used, their ecotoxicity decreases. However, these, and other, conclusions can only be supported by further studies.
